Background In most accidents causing smoke inhalation only a few victims actually inhale the smoke. The fire at King's Cross provided an opportunity to assess the long term effects of smoke inhalation in a larger number of patients. Methods Fourteen survivors from the King's Cross underground station fire were assessed for respiratory disability six months after the disaster and 10 were reassessed at two years. All had inhaled substantial quantities of smoke and 10 had skin burns of differing severity. Results Six months after the fire nine survivors admitted to one or more symptoms, which included hoarseness (two cases), cough (five cases), and breathlessness (six cases); and a survivor with asthma noted a worsening of his symptoms. The remaining five denied new symptoms. Peak expiratory flow, spirometric indices, and transfer factor for carbon monoxide were within the predicted normal ranges. The mean residual volume, however, was greater than the predicted value and the mean maximum expiratory flow at 25% of vital capacity (V25) less than predicted, with no significant difference between smokers (n = 7) and non-smokers (n = 7). At least one of these ventilatory defects, suggesting small airways obstruction, was present in 11 survivors at six months and they had persisted in the seven patients who were reassessed at two years.
Smoke inhalation is a major immediate cause of morbidity and mortality in victims of fire tragedies.' 2 Although the acute effects are well documented,3 relatively little is known of the long term effects on the respiratory tract. Much of the information available is confined to firemen, in whom smoke inhalation is an occupational hazard"7 and, although the evidence is conflicting, long term respiratory disability is generally assumed to be rare.
We describe findings from a long term follow up study of survivors from the underground station fire at King's Cross, London, which occurred on 18 November 1987. Some survivors from the fire were taken to hospital with skin burns and the effects of smoke inhalation. Fourteen were assessed for respiratory disability six months after the disaster and 10 were reassessed at two years.
Survivors
After the King's Cross fire a fund was set up for the victims and their families. Victims were identified from police and hospital lists and from letters received from people affected in any way by the fire. There were 31 fatalities at the scene of the fire and a further 27 people are known to have been injured. Fifteen of this latter group suffered from smoke inhalation; three required assisted ventilation and one died in hospital. The remaining 14 survivors with a history of smoke inhalation were referred for assessment.
In the study group of 14 survivors (11 men) seven were non-smokers and seven smokers. The mean age was 36 with a range of 21-55 years. One patient had mild asthma before the fire and two had a history of angina, one of whom had a history suggesting obstructive sleep apnoea related to obesity. The remaining 11 had no important medical history.
Methods of assessment All 14 survivors were assessed six to seven months after the fire and 10 were reassessed at 20- 
Results
Details of smoke inhalation, skin burns, and symptoms after the fire are given in table 1 for the 14 survivors assessed at six months and the 10 reassessed at two years.
EXPOSURE TO THE FIRE
Five survivors had been rescuers during the fire; two were firemen, one a policeman, and two British Rail employees. The remainder were passengers using the underground. The estimated duration of smoke inhalation ranged from one minute to nine hours (mean 80 minutes). The rescuers tended to have longer periods of exposure to smoke, though the duration could not be recalled with confidence. The duration of smoke exposure was not thought to bear a close relation to severity as some survivors with relatively long exposures had been able to take refuge in side rooms in the underground station and so avoid the most dense smoke. Nine survivors had skin burns; in seven these were limited to their faces and hands, but two had more extensive burns that included the face.
HOSPITAL ATTENDANCE
Thirteen of the survivors attended a hospital after the fire. Two were discharged from the accident and emergency department and 11 admitted for periods ranging from 24 hours (three cases) to more than six months (one case). The main reason for hospital admission was for the management of burns. Two required endotracheal intubation for laryngeal oedema caused by thermal injury; one was extubated after 24 hours, and the other required ventilation for 24 days as a result of the adult respiratory distress syndrome.
SYMPTOMS
Most survivors had cough, hoarseness, and varying degrees of breathlessness immediately after the fire. Although there was a gradual improvement, nine survivors were troubled by one or more of these symptoms when assessed at six months (table 1) . Of the 10 survivors reassessed at two years, eight had symptoms. Although breathlessness had improved in most cases, cough had become more troublesome. Four volunteered that they had become particularly prone to chest infections and had required repeated courses of antibiotics. One noticed that his sputum was streaked with blood with each infection; although bronchiectasis was suspected, it was not confirmed by high resolution computed tomography.
The patient with asthma complained of worsening asthmatic symptoms after the fire; at both the six month and the two year assessment he said that his bronchodilator consumption had increased from one inhaler of salbutamol a month to one a week. RESPIRATORY figure) . Although mean values for FEV1 and FVC were lower in smokers than non-smokers, the differences were not significant.
The most abnormal lung function indices were residual volume (RV) and maximum expiratory flow at 25% of vital capacity (V25). Mean RV lay above the upper 95% confidence limit and mean V25 lay below the lower 95% confidence limit of the predicted values in both smokers and non-smokers. At least one of these ventilatory defects was present in 11 survivors at six months and in the seven reassessed at two years.
The two survivors who developed laryngeal oedema requiring endotracheal intubation had no evidence of inspiratory flow limitation. The patient who developed the adult respiratory distress syndrome had values for all indices of lung function that were within the normal range at six months and two years. No relationship appeared to exist between the estimated duration of smoke inhalation and the subsequent symptoms or abnormalities of respiratory function of the survivors, though their recollection of both the duration and the severity of smoke inhalation was extremely poor. The pattern of ventilatory abnormality that emerged in both the smoking and the nonsmoking groups was for mean RV and V25 to be just outside the upper and lower 95% confidence limits respectively. As flow-volume loop analysis and measurements of carbon monoxide gas transfer showed no evidence of large airways disease or changes of emphysema, the ventilatory defect would appear to have been confined to the small airways. In the absence of baseline lung function data, we cannot assess the effects of previous cigarette smoking and asthma, though the similar findings in smokers and non-smokers and the finding of similar changes in victims from other fires202' suggest that smoke inhalation made an important contribution.
Discussion
Symptoms in some of the survivors from the King's Cross fire had improved by the time of the first assessment at six months. Victims of accidental'5 16 and occupational smoke exposure12 13 may develop acute airflow obstruction and bronchial reactivity may be increased immediately after an episode of smoke inhalation,' with decline by three months.2' A temporary increase in airway reactivity may explain the transient symptoms described by some of the survivors.
The finding of sustained small airways dysfunction in most of the survivors suggests that smoke inhalation may lead to more damage to the respiratory tract than has previously been recognised. The number of survivors with abnormal lung function is small, however, and more information on the long term effects of smoke inhalation in victims from other fire tragedies is now needed.
